Background {#Sec1}
==========

It is well known that shunting inhibitory cellular neural networks with delay have been successfully applied in variety of areas such as signal processing, pattern recognition, chemical processes, nuclear reactors, biological systems, static image processing, associative memories, optimization problems and so on (Roska and Chua [@CR39]; Chua and Yang [@CR9], [@CR10]; Chua and Roska [@CR8]; Zhang and Shao [@CR49]). In the past decades, there have been extensive results on the dynamical behavior of shunting inhibitory cellular neural networks networks such as the existence and stability of equilibrium points, periodic solutions, almost periodic solutions and anti-periodic solutions, etc. We refer the reader to (Wang et al. [@CR43], [@CR44]; Song et al. [@CR42]; Fan and Shao [@CR15]; Li and Wang [@CR30]; Xia et al. [@CR46]; Peng and Wang [@CR38]; Bouzerdoum and Pinter [@CR3]; Chen and Zhao [@CR5]; Xia et al. [@CR46]; Shao [@CR40]; Yang and Cao [@CR47]; Zhang [@CR48]; Huang et al. [@CR19]).

In particular, we shall point out that almost periodicity is universal than periodicity in real word, moreover, almost automorphic functions, which were introduced by Bochner, are much more general than almost periodic functions. The almost automorphic solutions have potential applications in various fields such as linear and nonlinear evolution equations, integro-differential and functional-differential equations, dynamical systems and so on (Cuevas et al. [@CR11]; N'Gérékata [@CR36]). Almost automorphic solutions in the context of differential equations were studied by several authors. We refer the reader to (Hilger [@CR18]; N'Guérékata [@CR35], [@CR36]; Goldstein and N'Guérékata [@CR16]; Ezzinbi et al. [@CR14]; Chérif and Nahia [@CR7]; Chérif [@CR6]; Wang and Li [@CR45]; Lizama and Mesquita [@CR32]). However, to the best of our knowledge, there are very few papers published on the almost automorphic solutions of shunting inhibitory cellular neural networks with time-varying delays (Li and Yang [@CR31]; Abbas et al. [@CR1]).
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The remainder of the paper is organized as follows. In \"[Preliminary results](#Sec2){ref-type="sec"}\", we introduce the basic properties of almost automorphic functions, some necessary notations, definitions and preliminaries which will be used later. In \"[Existence of almost automorphic solutions](#Sec3){ref-type="sec"}\" , we present some sufficient conditions for the existence of almost automorphic solutions of ([3](#Equ3){ref-type=""}). Some sufficient conditions on the global exponential stability of almost automorphic solutions of ([3](#Equ3){ref-type=""}) are established in \"[Exponential stability of almost automorphic solutions](#Sec4){ref-type="sec"}\". An example is given to illustrate the effectiveness of the obtained results in \"[Numerical example](#Sec5){ref-type="sec"}\" . A brief conclusion is drawn in \"[Conclusions](#Sec6){ref-type="sec"}\".

Preliminary results {#Sec2}
===================

In this section, we would like to recall some basic definitions and lemmas related to the concept of almost automorphy which shall come into play later on.

**Definition 2.1** {#FPar1}
------------------
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------------
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-------------
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**Definition 2.2** {#FPar4}
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------------

(Abbas et al. [@CR1]) The upper-right Dini derivative $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\frac{D^{+}f(t)}{dt}$$\end{document}$ of \|*f*(*t*)\| is given by$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \frac{D^{+}V|f(t)|}{dt}= sign(f(t))\frac{df(t)}{dt}, \end{aligned}$$\end{document}$$where sign(.) is the signum function.

Existence of almost automorphic solutions {#Sec3}
=========================================
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \lim _{n\rightarrow +\infty }(\Phi ^1(\varphi )(t+s_n))=(\Phi ^1\varphi )(t), \quad ~\text{ for } \text{ all } ~t\in \mathbb {R}. \end{aligned}$$\end{document}$$In a same way, we can prove that$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \lim _{n\rightarrow +\infty }(\Phi ^1(\varphi )(t-s_n))=(\Phi \varphi )(t), ~\text{ for } \text{ all } ~t\in \mathbb {R}. \end{aligned}$$\end{document}$$Thus the function $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\Phi \varphi )$$\end{document}$ belong to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$AA(\mathbb {R},\mathbb {R})$$\end{document}$. The proof of Lemma [3.2](#FPar11){ref-type="sec"} is completed.

**Theorem 3.1** {#FPar13}
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Exponential stability of almost automorphic solutions {#Sec4}
=====================================================

In this section, we will obtain the exponential stability of the almost automorphic solutions of system ([1](#Equ1){ref-type=""}).

**Theorem 4.1** {#FPar15}
---------------
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-------
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*Remark 4.1* {#FPar17}
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                \begin{document}$$C_{ij}(t)=0$$\end{document}$ on time scales. In addition, there are many papers that have investigated almost periodic solutions or convergence behavior of the special form or a more general form of model ([1](#Equ1){ref-type=""}). We refer the reader to (Zhao and Zhang [@CR51]; Cai et al. [@CR4]; Huang and Cao [@CR20]; Ding et al. [@CR13]; Liu and Huang [@CR28], [@CR29]; Liu [@CR24], [@CR25], [@CR26]; Fan and Shao [@CR15]; Liu et al. [@CR23]; Shao et al. [@CR41]; Xia et al. [@CR46]; Zhou et al. [@CR53]; Liu and Ding [@CR27]; Li and Wang [@CR30]; Li et al. [@CR21]; Meng and Li [@CR33]; Li and Huang [@CR22]). In this paper, we consider the almost automorphic solutions of ([1](#Equ1){ref-type=""}), which complement with some previous studies in (Shao [@CR40]; Peng and Huang [@CR37]; Zhao et al. [@CR50]; Peng and Wang [@CR38]; Zhou et al. [@CR52]; Zhao and Zhang [@CR51]; Cai et al. [@CR4]; Huang and Cao [@CR20]; Ding et al. [@CR13]; Liu and Huang [@CR29]; Liu [@CR24], [@CR25], [@CR26]; Fan and Shao [@CR15]; Liu and Huang [@CR28]; Liu et al. [@CR23]; Shao et al. [@CR41]; Xia et al. [@CR46]; Zhou et al. [@CR53]; Liu and Ding [@CR27]; Li and Wang [@CR30]; Li et al. [@CR21]; Meng and Li [@CR33]; Li and Huang [@CR22]).

*Remark 4.2* {#FPar18}
------------

In Li and Yang ([@CR31]), authors considered the almost automorphic solutions for neutral type neural networks with delays in leakage on time ccales, in Abbas et al. ([@CR1]), authors considered the almost automorphic solutions for neural networks with impulses. All the methods can not be applied to this paper to obtained our results in this paper. Therefore our results are completely new.

Numerical example {#Sec5}
=================

In this section, we will give an example to illustrate the feasibility and effectiveness of our main results obtained in previous sections. Considering the following shunting inhibitory cellular neural networks with time-varying delays$$\documentclass[12pt]{minimal}
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Conclusions {#Sec6}
===========

In this paper, we consider a class of shunting inhibitory cellular neural networks with time-varying delays. Some sufficient conditions for the existence and exponential stability of almost automorphic solutions for the shunting inhibitory cellular neural networks with time-varying delays have been established. It is shown that the time delay has no effect on the existence of almost automorphic solutions for system ([1](#Equ1){ref-type=""}) but has important effect on the global exponential stability of almost automorphic solutions for system ([1](#Equ1){ref-type=""}). To the best of our knowledge, it is the first time to deal with the almost automorphic solution for the shunting inhibitory cellular neural networks with time-varying delays. Moreover, our criteria are easy to check and apply in practice and are of prime importance and great interest in many application fields and the designs of networks. Our results complement with some previous ones. The method of this paper can be applied directly to many other neural networks, such as BAM neural networks, Hopfield neural networks and so on.
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